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Experimental quantification of dynamic forces and shaft motion in two different types of backup bearings under several
contact conditions
This paper treats the experimental study on a shaft impacting its stator for different cases. The paper focuses mainly on
the measured contact forces and the shaft motion in two different types of backup bearings. As such, the measured
contact forces are thoroughly studied. These measured contact forces enable the hysteresis loops to be computed and
analyzed. Consequently, the contact forces are plotted against the local deformation in order to assess the contact force
loss during the impacts. The shaft motion during contact with the backup bearing is verified with a two-sided spectrum
analyses. The analyses show that by use of a conventional annular guide, the shaft undergoes a direct transition from
normal operation to a full annular backward whirling state for the case of external excitation. However, in a self-excited
vibration case, where the speed is gradually increased and decreased through the first critical speed, the investigation
revealed that different paths initiated the onset of backward whip and whirling motion. In order to improve the whirling and
the full annular contact behavior, an unconventional pinned backup bearing is realized. The idea is to utilize pin
connections that center the rotor during impacts and prevent the shaft from entering a full annular contact state. The
experimental results show that the shaft escapes the pins and returns to a normal operational condition during an impact
event. © 2013 Elsevier Ltd. All rights reserved.
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Theoretical modelling, analysis and validation of the shaft motion and dynamic forces during rotor–stator contact
This paper deals with the theoretical study of a horizontal shaft, partially levitated by a passive magnetic bearing,
impacting its stator. Rigid body dynamics are utilised in order to describe the governing nonlinear equations of motion of
the shaft interacting with a passive magnetic bearing and stator. Expressions for the restoring magnetic forces are derived
using Biot Savart law for uniformed magnetised bar magnets and the contact forces are derived by use of a compliant
contact force model. The theoretical mathematical model is verified with experimental results, and shows good
agreements. However, the simulated contact forces are higher in magnitude compared to the experimental results. The
cause of this disagreement is addressed and shows that the formulation of the theoretical contact force model slightly
overestimates the forces acting during a full annular backward whirl motion.
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On the nonlinear dynamics of two types of backup bearings - Theoretical and experimental aspects
The possible contact between rotor and stator can for some cases be considered a serious malfunction that may lead to
catastrophic failure. Rotor rub is considered a secondary phenomenon caused by a primary source that leads to a
disruption of the normal operational condition. It arises from sudden mass unbalance, instabilities generated by
aerodynamic and hydrodynamic forces in seals and bearings among others. The contact event gives rise to normal and
friction forces exerted on the rotor at impact events. The friction force plays a significant role by transferring some
rotational energy of the rotor to lateral motion, impacting the stator. This event results in persistent coupled lateral vibration
of the rotor and stator. This paper proposes a new unconventional backup bearing design in order to reduce the rub
related severity in friction. The idea is to utilize pin connections that center the rotor during impacts. In this way, the rotor is
forced to the center and the lateral motion is mitigated. The four pins are passively adjustable, which allows the clearance
to be customized. A mathematical model has been developed to capture phenomena arising from impact for the
conventional backup bearing (annular guide) and for the new disk-pin backup bearing. For the conventional annular guide
setup, it is reasonable to superpose an impact condition to the rub, where the rotor spin energy can be fully transformed
into rotor lateral movements. Using a nonideal drive, i.e., an electric motor without any kind of velocity feedback control, it
is even possible to almost stop the rotor spin under rubbing conditions. All the rotational energy will be transformed in a
kind of self-excited rotor lateral vibration with repeated impacts against the housing. The vibration of the housing is
coupled through the interaction force. The experimental and numerical analysis shows that for the conventional annular
guide setup, the rotational energy is fully transformed into lateral motion and the rotor spin is stopped. However, by
employing the new disk-pin design the analysis shows that the rotor at impact is forced to the center of the backup bearing
and the lateral motion is mitigated. As a result of this, the rotor spin is kept constant. © 2012 American Society of
Mechanical Engineers.
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On the nonlinear dynamics of two types of backup bearings - Theoretical and experimental aspects
The possible contact between rotor and stator can for some cases be considered as a serious malfunction that may lead
to catastrophic failure. Rotor rub is considered a secondary phenomenon caused by a primary source that leads to a
disruption of the normal operational condition. It arises from sudden mass unbalance, instabilities generated by
aerodynamic and hydrodynamic forces in seals and bearings among others. The contact event gives rise to normal and
friction forces exerted on the rotor at impact events. The friction force plays a significant role by transferring some
rotational energy of the rotor to lateral motion, impacting the stator. This event results in persistent coupled lateral vibration
of the rotor and stator. This paper proposes a new unconventional backup bearing design in order to reduce the rub
related severity in friction. The idea is to utilize pin connections that center the rotor during impacts. In this way, the rotor is
forced to the center and the lateral motion is mitigated. The four pins are passively adjustable, which allows the clearance
to be customized. A mathematical model has been developed to capture phenomena arising from impact for the
conventional backup bearing (annular guide) as well for the new disk-pin backup bearing. For the conventional annular
guide setup, it is reasonable to superpose an impact condition to the rub, where the rotor spin energy can be fully
transformed into rotor lateral movements. Using a non ideal drive, i.e. an electric motor without any kind of velocity
feedback control, it is even possible to almost stop the rotor spin under rubbing conditions. All the rotational energy will be
transformed in a kind of "self-excited" rotor lateral vibration with repeated impacts against the housing. The vibration of the
housing is coupled through the interaction force. The experimental and numerical analysis shows that for the conventional
annular guide setup, the rotational energy is fully transformed into lateral motion and the rotor spin is stopped. However,
by employing the new disk-pin design the analysis shows that the rotor at impacts is forced to the center of the backup
bearing and the lateral motion is mitigated. As a result of this, the rotor spin is kept constant. Copyright © 2012 by ASME.
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On the Rotor to Stator Contact Dynamics with Impacts and Friction - Theoretical and Experimental Study
The contact between a rotor and its stator can in some cases be considered as a serious malfunction that may lead to
catastrophic failure. This major threat arises normally from full annular dry friction backward whirl and whip motion where
the rotor runs and rubs at a high frequency on the inner surface of the stator, and thereby traversing the full extent of the
clearance. Normal and friction forces are exerted on the rotor at each impact and rubs. These particular forces can sustain
the rotor in a persistent backward dry whirl or whip motion. In that case, the friction force plays a significant role during dry
contact since it changes the precession of the rotor motion. This thesis gives a comprehensive experimental and
theoretical study on the rotor to stator contact dynamics, under the in uence of dry friction. Different backward full annular
dry motions are generated and analyzed theoretically and experimentally. In the theoretical part of the work, the strong
nonlinear effects included in the modelling stem from dry friction and impacts. The contact deformations and forces are
assumed to happen in a continuous manner during impacts. On the basis of this assumption, the piecewise smooth and
discontinuous nonlinear equations of motion are formulated. This allows the use of a smoothening method in order to
facilitate the numerical integration procedure and prevents numerical instabilities. This method has proven to be
successful and efficient. The performance of two different types of backup bearings, i.e. an annular guide and a new
unconventional pinned backup bearing, is also thoroughly studied. The motion of the rotor is studied by use of trajectory
plots, time series and spectral analyses. The pinned backup bearing prevents the rotor from entering a full annular contact
state, which leads to significant reduction of contact forces and eliminates dry whirl and whip motions. Research
publication on the study of experimental measurements of contact forces and behavior during rotor to stator contact are
rare. In this regards, the full instrumented test rig designed specially to investigate rotor-stator contact problems, allows
comprehensive experimental studies on the contact force behavior. The theoretical results appear to be in good
agreement with the experiments. Nevertheless, among one of the future aspects, it is necessary to use comprehensive
uncertainty analysis in the investigation of the friction coefficient behavior.
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Rotor–stator contact dynamics using a non-ideal drive: Theoretical and experimental aspects
The possible contact between rotor and stator is considered a serious malfunction that may lead to catastrophic failure.
Rotor rub is seen as a secondary phenomenon caused by a primary source, i.e. sudden mass unbalance, instabilities
generated by aerodynamic and hydrodynamic forces in seals and bearings among others. The contact event gives rise to
normal and friction forces exerted on the rotor at impact events. The friction force plays a significant role by transferring
some rotational energy of the rotor to lateral motion. A mathematical model has been developed to capture this for a
conventional backup annular guide setup. It is reasonable to superpose an impact condition to the rub, where the rotor
spin energy can be fully transformed into rotor lateral movements. Using a nonideal drive, i.e. an electric motor without any
kind of velocity feedback control, it is even possible to stop the rotor spin under rubbing conditions. All the rotational
energy will be transformed in a kind of “self-excited” rotor lateral vibration with repeated impacts against the housing. This
paper studies the impact motion of a rotor impacting a conventional backup annular guide for the case of dry and
lubricated inner surface of the guide. For the dry surface case, the experimental and numerical analysis shows that the
rotational energy is fully transformed into lateral motion and the rotor spin is stopped. Based on this study this paper
proposes a new unconventional backup bearing design in order to reduce the rub related severity in friction and center the
rotor at impact events. The analysis shows that the rotor at impacts is forced to the center of the backup bearing and the
lateral motion is mitigated. As a result of this, the rotor spin is kept constant.
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Nonlinear Study of Industrial Arc Spring Dampers
The objective of this paper is to present a numerical approach for analyzing parameter excited vibrations on a gas
compressor, induced by the nonlinear characteristic of the arc spring feature of certain designs of squeeze film dampers,
SFDs. The behavior of the journal is studied in preparation for varying the damping characteristics of the SFD as well as
the dynamic forces acting on the SFD. Phase plane orbits together with Poincar´e maps are given for different arc spring
damping and static and dynamic load cases. Besides, bifurcation diagrams as a function of the arc spring damping and
forces acting on the SFD are presented. It is worth mentioning, that the maps and diagrams can be used as design
guidance. Finally, a comparison between the numerical results and experimental result is facilitated in form of waterfall
diagrams. For this, a full scale model of the arc-spring damper was designed and build.
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On the nonlinear design of industrial arc spring dampers
The objective of this paper is to present a numerical approach for analyzing parameter excited vibrations on a gas
compressor, induced by the nonlinear characteristic of the arc spring feature of certain designs of squeeze film dampers,
SFDs. The behavior of the journal is studied in preparation for varying the damping characteristics of the SFD as well as
the dynamic forces acting on the SFD. Phase plane orbits together with Poincar´e maps are given for different arc spring
damping and static and dynamic load cases. Besides, bifurcation diagrams as a function of the arc spring damping and
forces acting on the SFD are presented. It is worth mentioning, that the maps and diagrams can be used as design
guidance.
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